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Objective: Although mechanical ventilation can potentially worsen preexisting lung
injury, its importance in the setting of lung transplantation has not been explored.
This study was undertaken to examine the effect of 2 ventilatory strategies on the
development of ischemia-reperfusion injury after lung transplantation.
Methods: In a rat lung transplant model animals were randomized into 2 groups
defined by the ventilatory strategy during the early reperfusion period. In conven-
tional mechanical ventilation the transplanted lung was ventilated with a tidal
volume equal to 50% of the inspiratory capacity of the left lung and a low positive
end-expiratory pressure. In minimal mechanical stress ventilation the transplanted
lung was ventilated with a tidal volume equal to 20% of the inspiratory capacity of
the left lung, and positive end-expiratory pressure was adjusted according to the
shape of the pressure-time curve to minimize pulmonary stress.
Results: After 3 hours of reperfusion, oxygenation from the transplanted lung was
significantly higher with minimal mechanical stress ventilation than with conven-
tional ventilation. In addition, elastance, cytokine levels, and morphologic signs of
injury were significantly lower in the group with minimal mechanical stress venti-
lation.
Conclusions: This study demonstrates that the mode of mechanical ventilation used
in the early phase of reperfusion of the transplanted lung can influence ischemia-
reperfusion injury, and a protective ventilatory strategy on the basis of minimizing
pulmonary mechanical stress can lead to improved lung function after lung trans-
plantation.
Lung transplantation has evolved over the last 2 decades from anexperimental treatment to become the mainstay of therapy for end-stage lung diseases. Approximately 10,000 lung transplants havebeen performed worldwide, and more than 1000 transplants areperformed annually.1 Despite the success of lung transplantation,10% to 20% of the patients have poor immediate graft function.
These patients require prolonged ventilatory support and have a postoperative
mortality rate of 40% to 60%, which is dramatically higher than in the uncompli-
cated lung transplant group.2,3 In addition, there is evidence suggesting that severe
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reperfusion injury is also associated with an increased risk
of acute rejection and graft dysfunction in the long term.4,5
Mechanical ventilation maintains adequate systemic ox-
ygenation, allows the respiratory muscles to rest, and delays
mortality in many patients with acute lung injury (ALI).
However, a number of animal and clinical studies have
shown that mechanical ventilation can worsen preexisting
lung injury or produce ALI de novo in previously normal
lungs.6 The postulated mechanism responsible for ventila-
tor-induced lung injury (VILI) is the mechanical stress
induced by shear forces that might initiate or worsen pul-
monary inflammatory processes and alter the alveolar-en-
dothelial barrier, as well as the surfactant function.6-8 In a
nonuniformly expanded lung, tidal recruitment of collapsed
regions surrounded by open alveoli or overdistention of
normal alveoli close to collapsed areas, or both might gen-
erate forces dramatically higher than the measured transpul-
monary pressure (PL).9
The pressure-volume (P-V) curve of the respiratory sys-
tem is characterized by a sigmoid shape, with a lower
inflection point (LIP) corresponding to the pressure at which
collapsed alveoli begin to be recruited and an upper inflec-
tion point (UIP) corresponding to the volume at which
alveolar overdistention might begin to occur. Protective
ventilatory approaches on the basis of the P-V curve have
been designed to minimize the effects of mechanical stress
on pulmonary and systemic inflammatory responses and to
improve outcomes. By using this curve, the level of positive
end-expiratory pressure (PEEP) is set above the LIP to
avoid cycling end-expiratory alveolar collapse, and the tidal
volume (VT) is set to maintain the end-inspiratory pressure
and volume at less than the UIP to avoid alveolar overdis-
tention.10-12 However, the clinical use of the static P-V
curve has been limited by the complexity of its measure-
ment and interpretation.13,14
The dynamic airway opening pressure-time (P-t) profile
during constant-flow inflation might be used to set a pro-
tective ventilatory strategy allowing breath-by-breath as-
sessment to minimize mechanical stress, as recently shown
in an animal model of ALI. A computerized mathematic
equation permits quantification of the shape of the P-t curve
by a coefficient termed the stress index.15,16 Stress index
values of less than 1 indicate a P-t curve characterized by a
downward concavity corresponding to a static P-V curve
with a distinct LIP; this ventilatory pattern was associated
with VILI because of mechanical stress caused by contin-
uous opening and closing of the collapsed alveolar units.
Stress index values of greater than 1 indicate a P-t curve
characterized by an upward concavity corresponding to a
static P-V curve with a distinct UIP; animals ventilated with
this ventilator pattern showed evidence of VILI as a result
of mechanical stress caused by overdistention of the alve-
olar units. Stress index values of 1 describe a straight P-t
curve corresponding to a linear static P-V curve; this ven-
tilatory pattern produces minimal mechanical stress and no
VILI because neither overdistention nor alveolar collapse
occurs with mechanical ventilation.
In human lung transplantation the majority of patients
require mechanical ventilatory support for at least several
hours in the period immediately after lung transplantation.
Although necessary, this period of positive-pressure venti-
lation could potentially increase the injury to the trans-
planted lung if the ventilatory strategy used increases pul-
monary stresses, particularly in patients with the most
severe form of ischemia-reperfusion (I-R) injury. Although
the protective ventilatory strategies have been shown to
improve the outcome of patients with ALI,10-12 the effect of
ventilatory strategies on the development of pulmonary
injury in lung transplantation has not been explored. This
study tested the hypothesis that mechanical ventilation
might worsen reperfusion injury after lung transplantation.
We evaluated whether a ventilatory strategy aimed at min-
imizing mechanical stress would minimize pathophysio-
logic indices of ALI in the setting of lung transplantation.
Material and Methods
Animals
Experiments were performed with male Sprague-Dawley rats
weighing 400 to 450 g (Charles River Inc, Montreal, Quebec,
Canada). All animals received care in compliance with the Prin-
ciples of Laboratory Animal Care formulated by the National
Society for Medical Research, the Guide for the Care and Use of
Laboratory Animals (National Institutes of Health publication no.
85-23, Revised 1985), and the Guide to the Care and Use of
Experimental Animals formulated by the Canadian Council on
Animal Care. The experimental protocol was approved by the
Animal Care Committee of the Toronto General Hospital Research
Institute.
Lung Transplantation Procedure
Harvest and storage. Donor rats were anesthetized by means
of an intraperitoneal injection of 1 mL of sodium pentobarbital
(Somnotol; MTC Pharmaceuticals, Cambridge, Ontario, Canada)
and intubated through a tracheostomy with a 14-gauge intravenous
catheter. The tracheostomy tube was then connected to a volume-
cycled ventilator (Harvard Rodent Ventilator, Model 683; Har-
vard, South Natick, Mass) at the following ventilator settings: VT
of 10 mL/kg, respiratory rate of 80 breaths/min, fraction of in-
spiratory oxygen of 1.0, and PEEP of 2 cm H2O. A median
laparosternotomy was then performed, and 400 USP Units of
heparin (Hepalean; Organon Teknika, Toronto, Ontario, Canada)
was injected into the inferior vena cava. For retrieval of the
heart-lung block, the inferior vena cava was incised, the left atrial
appendage was excised, and a 14-gauge intravenous catheter was
placed into the main pulmonary artery (PA) through an anterior
incision in the right ventricular outflow tract. The lungs were then
flushed through this catheter with 20 mL of low-potassium dextran
(LPD) preservation solution (Perfadex; Vitrolife, Uppsala, Swe-
den) and 0.1 mL of prostaglandin E1 (500 g/mL, Prostin VR;
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Upjohn, Don Mills, Ontario, Canada) from a height of 30 cm.
Immediately after flushing the lungs, the tracheostomy tube was
clamped after inspiration to preserve the lungs in an inflated state.
The heart-lung block was then removed and placed in LPD solu-
tion at 4°C. The left lung was prepared for transplantation with the
placement of two 14-gauge cuffs into the left PA and the left
pulmonary vein (PV). The right main bronchus was ligated. The
left main bronchus and the trachea were kept intubated with the
14-gauge catheter for separate ventilation after the transplantation
procedure. The left lung was then placed into 40 mL of LPD
solution at 4°C for a total of 4 hours of cold ischemic time.
Transplantation. Recipient animals were anesthetized in a
halothane chamber, and a tracheostomy was performed as de-
scribed for the donor animals. The recipient animals were venti-
lated with a volume-cycled ventilator (Harvard Rodent Ventilator,
Model 683) with a VT of 10 mL/kg, a respiratory rate 80 breaths/
min, a PEEP of 3 cm H2O, and a fraction of inspiratory oxygen of
1.0, and anesthesia was maintained with 2.0% halothane. The right
carotid artery was cannulated with a 20-gauge Angiocath (Deseart
Medical, Inc, Becton Dickinson and Co, Sandy, Utah) to sample
blood for blood gas analysis and to measure arterial blood pres-
sure. A left thoracotomy was then performed. The left lung was
mobilized by dividing the pulmonary ligament, and the hilar struc-
tures were dissected free. The left PA, PV, and main bronchus
were identified and clamped with microsurgical aneurysm clamps.
The left main bronchus was tied, and VT, which was then limited
to the right lung only, was reduced to 5 mL/kg. A ventral incision
was made in the recipient PA and PV, and the cuffs of the donor
lung structures were placed into the corresponding recipient struc-
tures. The anastomoses were secured with 6.0 polypropylene ties.
The implantation time was standardized at 15 minutes. The trachea
of the transplanted lung was connected to a second ventilator
(Model RV5; Voltek Enterprises Inc, Toronto, Ontario, Canada).
This ventilator delivered constant inspiratory flow by allowing
inspiratory gas to the lungs from a high-pressure source (20-50
pounds per square inch) through a high-resistance capillary tube.
The recipient’s native right lung and left transplanted lung were
thus ventilated independently. A volume recruitment maneuver of
35 cm H2O for 5 seconds was delivered to the transplanted lung
before initiation of reperfusion. Reperfusion was then started by
unclamping the PV, followed by the PA. The transplanted lung
was reperfused for 3 hours.
Experimental Protocol
Animals were randomized into 2 groups defined by the ventilatory
strategy of the transplanted lung after reperfusion: (1) in the
conventional mechanical ventilation group (conventional group,
n 5) the transplanted lung was ventilated with a VT equal to 50%
of the inspiratory capacity of the left lung and low PEEP, and (2)
in the minimal mechanical stress ventilation group (minimal stress
group, n 5) the transplanted lung was ventilated with a VT equal
to 20% of the inspiratory capacity of the left lung, and PEEP was
adjusted to maintain values of stress index between 0.9 and 1.1
(see details below). Stress index values were checked after a
volume recruitment maneuver of 35 cm H2O for 5 seconds every
30 minutes during the 3-hour ventilatory time, and PEEP was
adjusted accordingly. In both groups the right native lung was
independently ventilated with a VT of 5 mL/kg and a PEEP of 3 cm
H2O during the 3-hour reperfusion period. The inspiratory capacity
of the left lung had been determined in a pilot study by manually
inflating the left lung up to a plateau pressure (Pplat) of 30 cm H2O
after a volume recruitment maneuver of 35 cm H2O for 5 seconds.
The presence of air leaks from the transplanted lung was
checked every 30 minutes during measurement of the end-inspira-
tory Pplat. When a leak was found (n  2), the animals were
excluded from the study and replaced in the randomization to
obtain 5 animals per group. Blood pressure was continuously
monitored, and arterial blood gas analysis from both lungs was
performed every hour during the 3-hour reperfusion period. At the
end of the reperfusion period, arterial blood gases from the trans-
planted lung were measured after occluding the right PA with a
microsurgical aneurysm clamp under direct vision. The animals
were then killed with an overdose of sodium pentobarbital, and the
transplanted lung was immediately removed and divided into 3
parts. The inferior and superior third were snap-frozen in liquid
nitrogen and stored at 70°C for determination of cytokines. The
middle third was fixed in 10% buffered formalin for at least 24
hours and then submitted for pathologic examination.
Measurements
Inspiratory flow was determined as the pressure drop across the
capillary tube of the ventilator. This pressure signal was calibrated
with the same gas mixture used to ventilate the animal, and the
linearity of the pressure transducer was confirmed to be within the
range of flow used in the study. PL was equal to the airway opening
pressure (PAO) in the transplanted lung because of the open
thoracotomy. PAO was measured proximal to the endotracheal
tube of the transplanted lung with a pressure transducer. Inspira-
tory flow and PAO were displayed and collected (ICU-Lab;
KleisTEK Advanced Electronic Systems, Bari, Italy) on a laptop
computer equipped with a 12-bit analog-digital acquisition board
(DAQ card 700; National Instrument, Austin, Tex) at a sampling
rate of 600 Hz. PEEP was measured at the end of a 3- to 4-second
end-expiratory occlusion (PEEP  external PEEP  auto PEEP).
Pplat was measured at the end of a 3- to 4-second end-inspiratory
occlusion. VT was calculated by integration of the inspiratory flow.
A volume recruitment maneuver of 35 cm H2O for 5 seconds was
performed before all measurements to normalize volume history.
Measurement of Stress Index
During constant flow inflation, the P-t relation on a breath-by-
breath basis can be described by a power equation15,16:
PL  a  tb  c
where PL is inspiratory PAO, t is inspiratory time, and the coef-
ficients a, b, and c are constants. The coefficient b is a dimension-
less number that describes the shape of the P-t curve and can be
considered to be an index of lung stress, which we have termed the
stress index. For stress index values of less than 1, the P-t curve
presents a downward concavity, corresponding to a static P-V
curve with a distinct LIP and a continuous increase in compliance,
suggesting mechanical stress caused by tidal recruitment-dere-
cruitment of alveolar units. For stress index values of greater than
1, the P-t curve presents an upward concavity corresponding to a
static P-V curve with a distinct UIP and a continuous reduction in
compliance, suggesting mechanical stress caused by overdistention
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of the alveolar units. For stress index values equal to 1, the P-t
curve is straight, indicating neither overdistention nor derecruit-
ment and suggesting minimal mechanical stress.17 The beginning
and end of each inspiration was determined from the zero crossing
points of the flow curve. Inspiratory flow and PL signals were
averaged on a breath-by-breath basis and over 2- to 3-minute
periods every 5 minutes. The power equation was then fit to the
resulting mean PL. The curve-fitting procedure was applied to the
PL data points corresponding to the constant part of the mean
inspiratory flow. The curve-fitting procedure included only data
points obtained from 50 ms after the beginning of the square wave
in inspiratory flow until 50 ms before the end of flow to ensure that
the on-flow and off-flow transients did not skew the results. These
values were chosen on the basis of a series of preliminary exper-
iments performed to identify the opening and closing time of the
solenoid valve used on the rat ventilator and to verify that inspira-
tory flow remained constant in the pressure range used in the
current study. Stress index values were displayed on the computer
screen.
Study End Points
Respiratory mechanics. Elastance was calculated every 30
minutes during the 3-hour reperfusion period as follows:
(Pplat  PEEPt)/VT
Gas exchange. Blood samples were taken from the right ca-
rotid artery every hour during the 3-hour reperfusion period. In
addition, one sample was taken after the right PA was occluded for
10 minutes at the end of the reperfusion period to analyze gas
exchange from the transplanted lung only.
Lung tissue cytokines. Frozen tissues from the inferior and
superior third of the lung were homogenized and incubated at 4°C
in cell lysis buffer containing 10 mmol/L N-2-hydroxyethylpipera-
zine-N-2-ethanesulfonic acid (pH 7.9), 10 mmol/L KCL, 0.1
mmol/L ethylenediamine tetraacetic acid, 0.1 mmol/L ethylene-
glycol-bis-(-aminoethylether)-n,n-tetraacetic acid, 1 mmol/L di-
thiothreitol, 0.5 mmol/L phenylmethylsulfonyl fluoride, and 0.6%
octylphenoxy-polyethoxy-ethanol (Nonidet P-40).18
Homogenates were then sonicated and centrifuged at 12,000
rpm for 10 minutes at 4°C. Supernatants were assayed in duplicate
by using specific ELISA kits for rat tumor necrosis factor 
(TNF-), rat interleukin 6 (IL-6), and rat macrophage inflamma-
tory protein 2 (MIP-2), according to the manufacturer’s instruc-
tions. Specific Cytoscreen Immunoassay Kits (BioSource Interna-
tional, Inc, Camarillo, Calif) were used for all cytokines. The
optical density of each well was read at 450 nm with an NM-600
microplate reader (Dynatech Laboratories, Chantilly, Va). The
final concentration was calculated by converting the optical den-
sity readings against a standard curve. The protein content was
determined by using the Bradford method.19
Pathologic lung injury score. The lung tissue fixed in 10%
formalin was processed for histologic analysis and embedded in
paraffin. Thereafter, each section was sliced to 5 m and was
stained with hematoxylin and eosin. The specimens were then
submitted for histologic analysis by a pathologist (J.B.M.), who
was blinded as to the type of ventilation protocol used. Bronchiolar
epithelial lesions (necrosis and epithelial sloughing) were quanti-
fied by using a modification of the method of Nilsson and col-
leagues,20 as described previously.21 In each section the total
respective number of membranous and respiratory bronchioles
were counted. An injury score for each airway type was obtained
as the percentage of injured airways of each airway type. The
parenchyma was graded by using the modified quantitive histo-
logic technique of Silberschmid and coworkers.22 The presence
and extent of interstitial cellular infiltrate, alveolar hyaline mem-
brane formation, alveolar edema, and cellular exudates were as-
sessed. From each section, 10 random areas were examined at
medium magnification (250). By using a square lattice test grid
(2  2), a separate score from 0 to 100 was determined for each
histologic parameter by counting the number of squares showing
the change indicated and expressing this number as a percentage of
the maximal positive score.
Statistical Analysis
All data are expressed as mean values  SD. A 1-way analysis of
variance was used to determine statistical significance. For differ-
ences in elastance in the transplanted lung over the 3-hour reper-
fusion period, a 2-way analysis of variance was used. The Graph-
pad software package (Graphpad Software, Inc, San Diego, Calif)
was used for all statistical analyses.
Results
All animals included in the study survived and remained
hemodynamically stable during the reperfusion period; no
significant differences were observed in the systemic blood
pressure between groups at any time points. One animal in
each group was excluded because of the development of air
leaks during the reperfusion period. Both animals were
replaced in the randomization, and 5 animals per group were
included in the final data analysis. Donor and recipient rats
were size matched.
Ventilation and Respiratory Mechanics
The ventilation protocols of the transplanted lungs resulted
in marked differences in PEEP and Pplat values between the
groups (Figure 1). Elastance remained significantly lower in
the minimal stress ventilation group than in the conven-
tional ventilation group, indicating less lung injury in the
minimal stress ventilation group (Figure 2).
Gas Exchange
Systemic blood gases representing gas exchange from both
lungs were not significantly different between groups after
0, 1, and 2 hours of reperfusion. At 3 hours, PaO2 was
significantly higher in the minimal stress ventilation group
than in the conventional ventilation group (328  18.3 vs
273  21.9 mm Hg, respectively; P  .05), but the PaCO2
was not significantly different between the 2 groups (55 
1.8 vs 50  1.4 mm Hg, respectively; P  .08). The PaO2
from the transplanted lung (measured after clamping the
right PA) was also significantly higher in the minimal stress
ventilation group than in the conventional ventilation group
at the end of the reperfusion period (392  46 vs 224  52
mm Hg, respectively; P  .0006; Figure 3).
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Lung Tissue Cytokines
MIP-2 and IL-6 levels in lung tissue were significantly higher
in the conventional ventilation group than in the minimal stress
ventilation group. The levels of TNF- were not significantly
different between groups, although there was a trend toward
higher levels in the conventional ventilation group (Figure 4).
Figure 1. There were marked differences in PEEP and Pplat between the conventional mechanical ventilation
group (conventional) and the minimal mechanical stress ventilation group (stress index).
Figure 2. Elastance, which directly correlates with the degree of lung injury, was significantly higher in the
conventional mechanical ventilation group (conventional) than in the minimal mechanical stress ventilation group
(stress index; ***P < .0001 vs the conventional mechanical ventilation group).
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Pathologic Lung Injury Score
Pathologic findings from the transplanted lung in the con-
ventional ventilation group showed a significantly higher
rate of hyaline membrane formation than in the minimal
stress ventilation group (25%  18% vs 6%  4%, respec-
tively; P  .04; Figure 5). In addition, membranous and
respiratory bronchioles were injured only in the conven-
tional ventilation group (12%  14% and 21%  12%,
respectively, vs 0% in the minimal stress ventilation group).
The interstitial cellular infiltrate, alveolar edema, and cel-
lular exudates were not significantly different between
groups. However, there was a trend toward lower cellular
exudates in the minimal stress ventilation group (3%  2%
vs 9%  9% in the conventional ventilation group, P  .1).
Discussion
This study demonstrates that in an in vivo rat single lung
transplant model the ventilatory strategy used in the early
Figure 3. PaO2 of the transplanted lung was significantly higher in the minimal mechanical stress ventilation group
(stress index) than in the conventional mechanical ventilation group (conventional; ***P < .0006 vs the conven-
tional mechanical ventilation group). The difference between the PaCO2 was not significantly different between
groups (P  .1).
Figure 4. The proinflammatory cytokines IL-6 and MIP-2 were significantly lower in the minimal mechanical stress
ventilation group (stress index) than in the conventional mechanical ventilation group (conventional; *P < .05 and
**P < .01 vs the conventional mechanical ventilation group). TNF- was not significantly different between groups
(P  .1).
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phase of reperfusion can have a major effect on the deteri-
oration of lung mechanics, gas exchange, production of
pulmonary cytokines, and lung pathology. In addition, we
have shown that a protective ventilatory strategy on the
basis of analysis of the P-t curve during constant flow
ventilation and the online assessment of stress index can
attenuate I-R injury after lung transplantation.
In this left single lung transplant model we used inde-
pendent ventilation for the right and left lungs to better
control the VT and PEEP applied to each lung and to
evaluate the effect of different ventilatory strategies on the
transplanted lung. The right native lung was ventilated with
the same ventilation protocol in both groups, and the left
(transplanted) lung was ventilated with different ventilatory
strategies: a conventional mechanical ventilation group con-
sisting of VT equal to 50% of the inspiratory capacity of the
left lung and low PEEP and a minimal mechanical stress
ventilation group consisting of VT equal to 20% of the
inspiratory capacity of the left lung and PEEP adjusted to
obtain a stress index of 1  0.1.
We found that the transplanted lung ventilated with con-
ventional mechanical ventilation had a significant increase
in elastance with higher cytokine concentrations and greater
pathologic changes compared with the transplanted lung in
the minimal stress ventilation group. The striking morpho-
logic differences between the 2 groups (Figure 5) demon-
strate the potential effect of mechanical ventilation on the
development of lung injury after reperfusion. These findings
are consistent with reports analyzing the effects of mechan-
ical ventilation on lungs injured with other insults than I-R
and are likely related to alteration in the alveolar-endothelial
barrier, defects in surfactant production, or both.8,21,23,24
The proinflammatory cytokines IL-6 and MIP-2 (rodent
homologue of human IL-8) were significantly higher in the
lungs ventilated with the injurious ventilatory strategy. Lev-
els of IL-6 and IL-8 have been shown to correlate with lung
function and the development of I-R injury in patients after
lung transplantation.25-27 We observed, however, that
TNF- levels were not significantly different between the 2
groups. This finding might reflect different timing in the
release of cytokines after lung transplantation. Indeed, in
contrast to IL-6 and IL-8, which are released for a period of
several hours after lung transplantation, TNF- has been
shown to peak during the ischemic period or immediately
after reperfusion in lung transplantation.25,28 Hence its re-
lease might have been influenced to a lower degree by the
ventilatory strategy in our model.
The static P-V relation of the respiratory system has been
extensively studied in animal models and in patients with
ALI.10,21,29 The P-V curve is characterized by an LIP and a
UIP. The LIP represents the average critical opening pres-
sure above which alveolar units start to reopen. It has been
suggested that the end-expiratory volume pressure should
be maintained above the LIP to avoid cyclic end-expiratory
alveolar collapse. The UIP indicates the P-V values above
which overdistention starts to occur, and VT should be
limited to maintain end-inspiratory volume and pressure at
a level lower than the UIP. Recent clinical data suggest that
the static P-V curve might be useful in setting values of
PEEP and VT to minimize VILI and improve outcomes.10,11
Nevertheless, application of the static P-V curve is limited,
and there are a number of issues that challenge the utility of
this approach, including the following: (1) the lung is often
not fully recruited, even if PEEP is above the LIP, and (2)
measurement of P-V curves cannot be easily accomplished
in clinical practice. The results of the present study suggest
that stress index strategy might represent an alternative to
the static P-V curve to determine lung protection ventilatory
parameters. Modern ventilators are able to deliver excellent
square-wave inspiratory flow profiles and are also equipped
with monitoring tools that enable online, dynamic P-t
curves. This implies that PEEP and VT could be set contin-
Figure 5. Hematoxylin-and-eosin staining showing the formation
of hyaline membranes in the conventional mechanical ventilation
group and its absence in the minimal mechanical stress ventila-
tion group.
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uously on virtually a breath-by-breath basis to minimize
VILI by maintaining values of stress index close to 1.
In conclusion, this study demonstrates for the first time
that mechanical ventilation can have a major effect on the
development of lung injury in an animal model of lung
transplantation. This observation implies that VILI might be
an underrecognized phenomenon that contributes signifi-
cantly to I-R injury after lung transplantation. Therefore
protective ventilatory strategies could potentially lead to
improved outcomes after lung transplantation. The stress
index strategy could be a novel option for protective ven-
tilatory management of the transplanted lung. Further stud-
ies are required to determine the optimal protective venti-
latory strategy in the setting of lung transplantation.
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